To assess the potential advantages of minimally invasive surgery using a single femoral venous drainage method versus femoral venous and superior vena cava or jugular venous drainage method during repeat tricuspid valve surgery.
I
n patients who have had previous cardiac surgery, there is a high risk of operative mortality and morbidity during repeat tricuspid valve (TV) operations, 1) especially in patients who underwent traditional median sternotomy. In recent years, a large number of reports have shown that the clinical outcome of the minimally invasive right anterior lateral thoracotomy surgery was better than that of the traditional median sternotomy surgery for repeat TV operations. [2] [3] [4] Traditional TV surgery requires the opening of the right atrium to snare the superior vena cava (SVC) and the inferior vena cava (IVC), which poses some difficulties; there are also risks associated with exposing the cava veins due to the dense adhesion around the vena cava. Recently, we tried to use the vacuum-assisted single femoral venous cannula drainage technique in minimally invasive isolated repeat TV surgery. With this operative technique, the vena cava did not need to be snared; in other words, it did not require the dissection of the dense adhesion tissue around the vena cava. In the present paper, we report the application of these two methods of venous drainage in minimally invasive isolated repeat TV surgery.
Methods
From January 2010 to December 2016, 50 repeat TV procedures were performed using a minimally invasive approach without aortic cross-clamping at our institution. Among them, the establishment of cardiopulmonary bypass (CPB) by femoral vein and SVC or jugular venous 4) drainage was performed in 22 cases (FSV group) and vacuum-assisted single femoral venous drainage 5) was performed in 28 cases (FV group). Among the previous cardiac operations in the FV group versus the FSV group, mitral valve replacement (MVR) was performed in 12 versus 8 patients, MVR + aortic valve replacement (AVR) was performed in 8 versus 10 patients, MVR + AVR + tricuspid valvuloplasty (TVP) was performed in 1 versus 1 patient, MVR + TVP was performed in 4 versus 1 patients, atrium sepal defect (ASD) closure was performed in 1 versus 1 patient, ASD + TVP was performed in 1 versus 0 patients, Glenn was performed in 1 versus 0 patients, and Ebstain was performed in 0 versus 1 patient. The patients' clinical profiles are shown in Table I. The  proportion of patients with NYHA class II, II, and IV REPEAT TRICUSPID VALVE SURGERY Our standard surgical approach was a right anterior lateral thoracotomy in both groups. The procedure for establishing CPB was different between groups. The arterial cannula was inserted into the femoral artery in both groups. The Fem-Flex Femoral Arterial Cannula (Edwards Lifesciences LLC, Irvine, CA) and Femoral Venous Cannula (Edwards Lifesciences LLC, Irvine, CA) were used in the operation, respectively. The size of cannula was determined according to the diameter of the blood vessel and the surgeon's preference. In FV group, the femoral venous cannula was placed into the femoral vein. It was guided by transesophageal echocardiography and the top of femoral venous cannula should be inserted into the SVC. In FSV group, the femoral venous cannula was inserted into the IVC, with the venous cannula inserted into the SVC or the femoral arterial cannula inserted into the jugular vein.
5) The caval veins did not need to be snared during the operation, but the application of the vacuum-assisted venous drainage (VAVD) controller was necessary, in the FV group. The negative pressure was maintained between -20 mmHg and -30 mmHg or adjusted according to the number of blood in the right atrium, whereas the negative pressure controller was not used in FSV group. The temperature was maintained between 35 and 37 with heart beating, the mixed venous saturation (SvO2) was maintained above 70%, and the pump output was in the range of 50 mL/(kg*minute) to 70 mL/(kg*minute) in both groups during CPB. In the FSV group, dissection of the dense adhesion tissue around the caval veins was necessary to snare the vena cava. The surgical procedure was performed on a beating heart in both groups. Due to the femoral venous cannula exposure to the right atrium, the gases intake to the drainage tube is inevitable, in FV group. To solve this problem, the Xijian reservoir (Xijing Medical Instrument Limited Company, Xi'an, China) or Vital (Nipro, Japan) was used, which is characterized by the venous drainage of blood from the top of reservoir. The design was contributed to gas removing. Besides, we maintained a high level of blood in the venous reservoir, and carbon dioxide was insufflated into operative region, at the same time, before right atrium was sutured. Statistical analysis: Statistical analyses were performed with the SPSS 21.0 software (SPSS Inc., Chicago, IL, USA). Continuous variables are presented as the mean ± Peng, ET AL standard deviation, and categorical values are presented as frequencies and proportions. All continuous variables were checked for normality using the Shapiro-Wilk test and the normal probability plot. For univariate analysis, normally distributed variables were compared using Student's t-test, and non-normally distributed variables were compared with the Mann-Whitney U test. Categorical variables were compared using Pearson's chi-squared test or Fisher's exact test if any cell had an expected cell count less than five. All P values were two-sided, and P < 0.05 was considered to indicate statistical significance.
Results
All patients in the two groups underwent minimally invasive isolated repeat TV surgery. Among them, 36 patients underwent tricuspid valve replacement (TVR), and 14 patients underwent TVP. How to choose the manufacture of prosthesis depended on surgeons' choice according to their surgery habit and patients' conditions. The main prosthesis for TV repair in our center was Sovering Tricuspid Band (Sorin Group, LivaNova, Saluggia, Italy) or Edwards MC3 Tricuspid annuloplasty ring (Edwards Lifesciences LLC, Irvine, CA). TVR was always accomplished with Carpentier-Edwards Perimount Theon valve (Edwards Lifesciences LLC, Irvine, CA), or Medtronic Hancock II (Medtronic, Minneapolis, MN). Besides, the size was decided based on patients' weight and tricuspid annular which measured by surgeons and transesophageal echocardiography. In the FV group, 25 and 3 patients underwent TVR and TVP, respectively. In the FSV group, 11 patients underwent each of the two surgeries (Table II) . In both groups, cross-clamping of the aorta was not performed, and the surgeries were performed during cardiopulmonary bypass with a beating heart. The cardiopulmonary bypass time between the two groups did not differ significantly (P = 0.495). However, the operation time was significantly longer in the FSV group than in the FV group (P = 0.004). Early postoperative outcomes are summarized in Table III . The ventilator-assisted time, first-day LVEF, and intensive care unit (ICU) stay were 30.69 ± 21.98 hours versus 29.33 ± 31.01 hours (P = 0.865), 62.57 ± 6.84 versus 61.58 ± 8.52 (P = 0.722), 88.63 ± 115.25 versus 64.22 ± 49.99 hours (P = 0.403) for the FV group versus the BVS group, respectively, and did not have a significant effect on the early postoperative outcome. The postoperative blood transfusion rate was 39.29% in the FV group versus 68.18% in the BVS group (P = 0.042). Hospital mortality was 3.75% in the FV group versus 18.18% in the FSV group (P = 0.087). Other complications such as hemodialysis, liver dysfunction, bleeding, and heart failure in the two groups were not significantly different. Within the first 30 postoperative days, 1 patient (3.57%) died in the FV group versus 4 (18.18%) in the FSV group (P = 0.087).
Discussion
For repeat TV operations, there is a high operative risk, especially in patients who undergo repeat TV opera-tion by the traditional median sternotomy method, which has a high operative mortality and morbidity rate. In recent years, a large number of reports have shown that the clinical outcome of the minimally invasive right anterolateral thoracotomy surgery was better than that of the traditional median sternotomy surgery. 4, 6) As we know, the traditional TV operation requires opening the right atrium and snaring the SVC and IVC to prevent abundant blood regurgitation to maintain an operative field without blood for the surgeon. In the repeat TV operation, there are some difficulties and risks associated with exposing the caval veins due to the dense adhesion tissue around the vena cava. In our study, only the patients in the FSV group faced these difficulties. Although the venous drainage cannula was in the femoral vein and SVC, and even if the cannula was in the jugular vein, it was still necessary to snare both vena cava. The incision site of the minimally invasive surgery was usually small and located in the right anterior lateral chest, which greatly increased the difficulty of exposing and dissecting the dense adhesion tissue around the vena cava. Furthermore, the SVC cannula and the tapes of the snares from both vena cava usually protruded from the incision, which could affect the surgeon performing the operative procedure. As for the FV group, there was only one femoral venous cannula used for venous drainage during the CPB. During the operation, the vena cava did not need to be snared when the heart was beating; [7] [8] [9] in other words, there was no need to dissect the adhesion tissue of the vena cava, which would have increased the operative risk. 5, 10) The application of a single venous drainage technique should satisfy the following requirements: (1) there are enough pores in the femoral vein cannula; (2) VAVD controller must be applied; and (3) the top of the femoral vein cannula must reach the SCV. When the top of the femoral venous cannula reaches the SVC, the blood in SVC, the right atrium, and IVC drains into the cannula through the pores. With the negative pressure, the blood in the SVC and IVC mostly drains into the venous reservoir. Without snaring IVC and SVC, the blood inevitably flows into the right atrium. Furthermore, there is some blood from the coronary sinus due to the beating heart. With the negative pressure, the venous cannula in the right atrium, similar to a suction device, would continue to bring blood into the venous reservoir. This technique of venous drainage can be successfully applied because of the right atrium structure. When the patients lie on their backs, the position of the atrial septum inclines from the posterior lateral to the anterior medial, and therefore, both vena cava and the right atrium portion between them are positioned at the bottom of the atrial septum; furthermore, the position of the TV is much higher than that of the connection between both vena cava. The connection, the atrial septum, and the right atrial wall constitute a similar small venous reservoir, and the femoral venous cannula lies at the bottom of the structure, which is the connection point between the both vena cava. 5) Compared with the FSV group, the FV group did not require snaring the vena cava and avoided the need to dissect the dense adhesion tissues around the caval veins, which reduced the risks of right atrial and vena cava injury, blood loss, and blood transfusion. In our study, there was a significant difference in postoperative blood transfusions between the two groups. The average volume of RBC infusion in patients of the FSV group was higher than that in the FV group by approximately 2 IU, although the difference between the two groups was not statistically significant. The reason for this may be that the number of cases in our study was relatively small; furthermore, the volume of RBC infusion varies greatly from 0 IU to 15 IU in the FV group and from 0 to 19 IU in the FSV group. As mentioned above, more than half of the patients in the FV group did not require blood infusion due to less dissection of adhesion tissues, even if they underwent repeat operation. As is known to all, fewer or no blood infusion is more beneficial for patients. 11) For the repeat TV surgery, without the need to dissect the adhesion tissue around the vena cava, not only is the risk of right atrial and vena cava injury, postoperative bleeding and RBC infusion reduced but also the need to control severe bleeding during the operation is reduced. Second, cardiopulmonary bypass establishment is simple and rapid when the single venous drainage technique is used, requiring only two cannula that are inserted from the peripheral blood vessels for CPB establishment and thus avoiding vascular complications due to additional cannulation. 12) Additionally, there was no cannulation through the incision, and without the need to snare the vena cava, there were fewer surgical instruments in the operative field; all of these factors facilitated the ease of operation and greatly shortened the operation time, which meant reducing damages to the body. In our study, the operation time in the FV group was significantly less than that in FSV group (170.75 ± 73.31 minutes versus 228.87 ± 61.45 minutes (P = 0.004)), which was precisely because the vacuum-assisted single femoral venous cannula drainage technique greatly simplified the operation. However, there was no significant difference in cardiopulmonary bypass time between the two groups (P = 0.495). Limitations of the present study were the following: the operation was not performed by a single surgeon, especially in the FV group; and the sample size was relatively small.
Our results showed that both types of venous drainage methods can achieve satisfactory venous drainage, thus ensuring the safety and efficacy of the operation. The early postoperative outcomes of the two groups were not significantly different, such as hemodialysis, liver dysfunction, bleeding, heart failure, the ventilator-assisted time, first-day LVEF, ICU stay, and the postoperative hospital stay. In our study, it seemed that mortality was higher in the FSV group (18.18%) than in the FV group (3.57%). However, the difference was not statistically significant (P = 0.087). Bevan PJ reported that the preoperative clinical status was important for the postoperative outcomes.
13)

Conclusions
Both types of drainage were effective and could ensure safety during the operative procedure. The vacuumassisted single femoral venous drainage method simplified the minimally invasive isolated repeat TV operation process more significantly and is the more appropriate choice.
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